Abstract: The aim of this study was to illustrate the potential for confounding when interpreting group mean data from systematic reviews for a heterogeneous participant population. A case report comparing the results obtained from a Cochrane review and meta-analysis compared to an individual patient data (IPD) meta-analysis was conducted. Participants were 396 older patients admitted to a general medical ward at two acute public hospitals. For the intervention group, an exercise program was provided for 20-30 minutes twice per day in addition to usual care. The control group received usual hospital care. The primary outcome measure was changed in Barthel Index scores between hospital admission and discharge. Meta-analysis of group mean data provided evidence that additional exercise for older medical patients does not significantly improve Barthel Index scores at hospital discharge (fixed effects model, 0.17 [-0.06 to 0.40] I 2 = 0%). Results of IPD meta-analysis indicated that additional exercise significantly improved discharge Barthel Index scores for patients who required assistance to ambulate at hospital admission (coefficient for group 5.4 [1.38 to 9.40], p=0.01) but not for those who were non ambulant or independently ambulant at hospital admission. This case report provides an example where performing meta-analysis using group mean data for heterogeneous populations can result in effective interventions being discarded.
INTRODUCTION
Systematic review provides a method for addressing a research question by systematically appraising, synthesising and evaluating scientific literature. Systematic reviews are important for providing an evidence base that informs clinical practice and identifying areas of healthcare that require further research. However, there is a potential for heterogeneity in person response to an intervention to confound interpretation of group mean data. Heterogeneity may be amplified when a diagnosis or classification includes a broad spectrum or mixture of different health conditions. One approach is to narrow participant inclusion criteria, but for many patient groups this is not a possible way in which the inclusion criteria reduces the heterogeneity which varies across relevant studies.
For heterogeneous populations, consideration of differential intervention effects within the population, may enhance a view of the intervention utility. Individual patient data (IPD) meta-analysis has been referred to as the "gold standard" for systematic reviews [1] , as it offers a method that facilitates detailed subgroup analysis using patient characteristics level. IPD meta-analysis allows individual patient characteristics to be included as covariates and patients who are the most or *Address correspondence to this author at the Department of General Practice, School of Primary Health Care, Faculty of Medicine, Nursing and Health Sciences, Monash University, Building 1, 270 Ferntree Gully Road, Notting Hill, Victoria 3168, Australia; E-mail: natalie.demorton@med.monash.edu.au the least responsive to an intervention can be identified. It is possible for heterogeneous patient populations that differing conclusions regarding intervention effectiveness could be obtained using meta-analysis of group mean data compared to IPD meta-analysis.
The advantages of IPD meta-analysis compared to group mean data meta-analysis have been well documented in the literature. For example, Berlin et al. [2] and Lambert et al. [3] have recommended that IPD meta-analysis should be used whenever possible to explore individual patient characteristics or heterogeneity. However, Tudur Smith et al. [4] have more specifically argued that comparisons of results obtained using group mean aggregate or IPD meta-analysis are required to identify the conditions, where the IPD metaanalysis may be most beneficial.
This report illustrates a case where there were advantages of meta-analysing using IPD compared to group mean aggregate data for a participant population, who were heterogenous with respect to the severity of the condition.
METHOD
A recent Cochrane review [5, 6] identified randomised controlled trials and controlled clinical trials that investigated the effect of additional exercise for older medical patients (>65 years) compared to usual care during acute hospitalisation. Group means change in activity limitation scores on the Barthel Index (score range 0-100) between acute hospital admission and discharge from two trials which were de Morton and Keating pooled in meta-analysis. Both trials were conducted in acute public hospitals in Melbourne, Australia.
Older general medical patients are heterogeneous patient population (e.g. they have a diverse range of medical conditions, co-morbidities, prognoses, physical abilities). Patient's response to an additional exercise program during hospitalisation was considered likely to be highly variable across participants. An IPD meta-analysis was therefore conducted [7] according to the methodological guidelines provided by the Cochrane Collaboration Working Group on IPD Metaanalysis [8] . All randomised patient data were included with the intention to treat analysis performed. The effect of the intervention on discharge Barthel Index (BI) scores was analysed using multiple linear regression modelling.
RESULTS
In the Cochrane meta-analysis, small effect sizes were identified in pooled change in BI scores that favoured the intervention group but were not statistically significant. In contrast, results of IPD meta-analysis indicated that additional exercise significantly improved discharge Barthel Index scores for patients who required assistance to ambulate at hospital admission (coefficient for group 5.4 [1.38 to 9.40], p=0.01), but not for those who were non ambulant (coefficient 2.86, -8.66 to 14.39, p=0.61) or independently ambulant (coefficient -1.74, -4.71 to 1.24, p=0.25) at hospital admission. This is a biologically plausible finding as the patients in a better condition stand to gain little from a short exercise program and those not in a good condition are less likely to participate.
DISCUSSION
Differing results were obtained using group mean aggregate data compared to IPD in these two approaches to metaanalysis. Results of meta-analysis from the Cochrane review indicated no effect of additional exercise for older acute general medical patients. In contrast, IPD meta-analysis identified a significant interventional effect for patients who required assistance or supervision to ambulate at hospital admission, but not for those patients who were non ambulant or independently ambulant at hospital admission. This demonstrates the potential for meta-analysis of group mean aggregate data to miss the effect of interventions for subgroups within heterogeneous samples.
Although significant statistical heterogeneity was not identified in the Cochrane review, patient response to the intervention was found to be highly variable across individuals using IPD meta-analysis. Meta regression or sensitivity analysis can be conducted using aggregated patient level characteristics as covariates, but IPD meta-analysis has greater statistical power to detect effects. Very few studies were available to perform either meta-regression or sensitivity analysis in the Cochrane review.
CONCLUSION
Aggregate systematic review data provides an estimate of an average treatment effect across a group of patients but in clinical practice, results are typically applied to individuals. In heterogeneous patient populations, IPD meta-analysis may provide clinicians with additional information. In this example, performing meta-analysis using group mean data for a heterogeneous older population would have resulted in an intervention that is effective for a subgroup being discarded. This case report supports the recommendations of Tudur Smith et al. [4] who have argued that further comparisons between the outcomes obtained using IPD metaanalysis and group mean aggregate, are required to identify the conditions where IPD meta-analysis may be most beneficial. This report has identified that for reviews investigating the heterogeneous populations, IPD meta-analysis should be recommended to explore the possibility of differential intervention effect across participants.
